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~ INVESTIGATIONOFTHEEFFECTSOFEXTRUUL

WINGFUELTANKSONDITCHING3EEAVIOROFA

By-iS E.McBride

SIIMMARY

Aneqerimentalixwestigationwasmadebyuseofa l/10-scsle
_@ sW= modelofa typicalsweptback-wingairplmeequi~ed
withexternalwingfueltankstodeterminetheeffectsofthetankson
theditchingbehavior.Tanksofvariousfuelcapaci~(206, 260,and
450gallonsfull-scale)sndwithsever&Lshapemodificationswereused.
ThemodelwaslandedincalmwaterattheLangleytankno.2 monorail.

Theditchingbehawiorofthemodel,bothwithandwithouttanks,
wasdeterminedfromvisualobservations,accelerationrecords,andmotion.
picturesoftheditchings.Datasrepresentedintabularform,time-
historycurvesofaccelerationandattitude,andsequencephotographs.

Fromtheresultsoftheinvestigation,itisconcludedthatstream-
linetankswithcircularcrosssectionhavea detrimental.effectonthe
ditchingbehaviorbecauseofthesuctionforcesgaeratedonsuchshapes
whenplaningonthewater.Suchtanksshould,therefore,be jettisoned
beforea ditcMngisattempted.Tankshavingtheircrosssectionmodi-
fiedbytheadditionofeitherchbe-stripsordeadrisewithchines
improvedtheditchingbehavioroftheairplanemodel.Beforeanattmpt
ismadetoincorporatesuchmodMicationsina full-scaleairplane,how-
ever,considerationmust
thatwuuldwithstandthe

Model-ditching

alsobegiventoprovidinga structu%!Ld&@n
waterloads.

\,
INTRODUCTION

experienceofairplanesequippedwithauxiliary
wingtanks has shown tkt thedesiguandl~cationoft-ksetankscan -
haveconsiderable.influenceonthesuccessofa ditching.Onunswept-

lW ~omtion presentedinthepresentpaperontheba8icmodel
audthemodelwith206-gallontankswaspreviouslymadeavailabletothe
U.S.mi13taryairservicesin1949.
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wingairplanes, the fueltankssrenormallylocatedatthewingtipsand
seldomenterthewateruntiltheairplanecomestorest;consequently,
theditchingbehaviorislittleaffected.Onswept-wingairplanes, ..
thetanksareusuallymountedbeneaththewingandenterthewatervery
soonaftercontact.H theshapeofun@slungtauksissuchthata
suctionforceisproduqed,a detrimentaleffectontheditchingbehavior
mayresult.Reference1 hasshownthatanincreaseinfinenessratio
decreasesthesuctimforcesona streamMnebody.Also,theadditional
buoyamcyprovidedbywingtanks‘- wkdchthefuelhadbeeneqended
wbuldaddtotheflotationtimeoftheairplaneandfacilitatethepilotIs
rescue.Thus,withtheadventoflarger-volumeferry-typetanksof
higherfinenessratio,suchashavebeenusedonmodernswept-wingair-
planes,thepossibilityofusingtheexbernalwingtanksasanaidto
titchingisoftiterest.

Thepurposeofthis~stigationistoprovidedatafi-omscmepre-
Umdnaryrese~chintotheeffectsofexternalwingfueltanksonthe
ditchingbehawiorofanairplanewithsweptbackwiugs.Usewasmadeof
anavailablel/10-scalemodelofa typicslswept-wingairplanewith
underslungtanks.(Forpurposesofpresentation,themodeldataare
givenh termsoffull-scaLevalues.) Thebasicconfigurationwithout
tanksandwiththe206-@on (finenessratio4.76)tanksoriginally
proposedforthisairplanewasfirsttestedin19-WatLangleytank
PO.2. Forthepresentinvestigation,twoadditionaltanks(k50-gallon
and260-gsJ.l.on)offinenessratio8.54weretestedwithvariousmodifi-
cationstothecrosssection.”Resultsfordl configurationsareca-
paredtoevaluatetheeffectsofthesetanksontheditchdngbehaviorof
theairplane.

AmwmJS Am PROCEDURE

DescriptionofModel

Figure1 isa three-viewdraw5ngofthebasicsweptback-wingair-
planeusedintheinvestigation.Thel/10-scalemo,~lofthisairplane
wasconstructedprincipallyoffiberglassimpregnatedwithplastic.The
modelwasballastedinternallytoa weight.(full-scale)ofabout
17,000pounds. Thefull.-scslemomentsofinertiawereasfollows:

MamentofinertiaaboutX-axis,~ (roll),slug-ft2. . . ... . .10,700
MomentofinertiaaboutY-axis,Iy(pitch),slug-ft2. . . . . .20,400
Momentoftiertiaabout2-=s, ~ (yaw),slug-ft2. . . . . . .28)~0

Alltestsweremadewithnobottomdamagesimulated.

—— . . . . ..— . . . .——.—______ _ 1
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Figure2 isa photographofthemodelwiththek50-gallontanksof
circularcrosssectioninstalled.Alltanksweremoldedoffiberglass
andplasticandattacheddirectlytothelowersurfaceofthewingat
anangleof-k.250tothefuselsgereferencelineforaminimumaero-
-C *%. TIEtankswerelocated8 feetoutboardofthefuselage
centerlinewiththecentroidofthetsmkdirectlybelowtheairplane
centerofgravity.

Thetadsconfigurationstestedareshownh figure3. KIM206-g~on
tankshada finenessratioof4.76 whileboththe45o-audthe260-gallon
tsmkshada finenessratioof8.54.onlythecircular-cross-section
shapewasusedonthe206-g~ontanks.Thethreecross-sectionshapes
showninfigure3 weretestedonboththe450-and266-gaUontanks.
Chinestripsprotruding1.25inchesfull-sizewereaddedtothetanks
alongthe45°streamlines.Thesestripscontinuedalongthefulllength
ofeachofthetamksexceptwheretheywerefaireddownatthenoseand
tailendsofthetank.Thetankswerealsomodifiedbytheadditioriof
a 20°dead-risebottomandverticalsideswhichalsoproduceda chine.
Thevolumeofeachofthetankswaskeptthesametithismodification.

TestMethodsamdEquipm?nt

Themodelwastestedby catapultingitfromtheLsngleytankno.2
monorailsothatitwasfh?eetoglideontothewateratthedesired
contactangleandlandingspeed.Thecontrolsurfacesweresetsothat
themodeldidnotyaworchangeattitudeapprecidilyinflight.

Alltestsweremadeatthenormallandingattitudeforthisairplane
(zibout14°)andalsndingspeedcorrespondingtoQboutlogknotsfull-
scale.Thebehaviorofthemodelwasrecordedfromvisualobservatims
andbya high-speedmotion-picturecamera.Theattitudetimehistories
werereadfromthemotion-picturefilm.Accelerationswererecordedby
a two-componenttine-historyaccelerometerinstalledinthecockpit.
Theaccelerometercomponentshadnatural.frequenciesof73cyclesper
secondandwere-ed toabout65percentofthecriticaldemping
value.Thereadingaccuracyoftheinstrumentm *out*0.25g,and
thenormalaccelerationsin-&xledthelgeffect

RESUJXH3ANDDISCUSSION

ofgravity.‘-

A summaryofthetestrebts obtatiedwiththevarioustankcon-
figurationsandthoseofthebasicmodelwithouttanksisgivenas
full-scalevaluesintableI. Typicaltimehistoriesoftheattitude,
thelongitudinaldeceleration,andthenormalaccelerationaregivenin
figure4. Figure5 showssequencephotographsofditchingrunsofthe.
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basicmodelwithouttreks,withthe450-g&llontanksofcircularcross
section,andwiththek50-gsllondead-risetsmksinstalled.

BasicModelandOriginal206-@on !l?anks

First,itshbuldbepointedoutthattheditchingbehaviorofthe
basicundamagedmodelwithouttsmkswasgood.(Seefigs.4(a)and5(a).)
Themotionsofthemodelweresmouth,thelengthofrunwasreasonably
long(andUcated lowaveragedeceleration),andthemaximumlongitu-
dinaldecelerationandnormalaccelerationwerelow.Theadditionof
theoriginal206-gallontankshada detrimentaleffectontheditching
behavior.(Seefig.k(b).) Thelengthoftherunwasmuc&shorter,
thelongitudinaldecelerationwasmuchhigher,andthemotionsandatti-
tudechangeswerequitesevere.!T!his%ehswiorwascausedbythesuction
forcesgeneratedbythecircularstreamlineshapeofthetankswhich
effectivelydraggedthemodeldeeper in thewateraudcausedhigherwater
resistance.Suchbehaviorwasslsoencounteredinanimvestigatioriof
theeffectoffuselageshapeonditchingbehavior(ref.1),wheresuc-
tionforcesonthestreamlinefuselagecausedthemodeltorundeepin
thewater.

ModelWithk50-GallonTanks

Whenthemodelwastestedwiththe450-gs210ntamksinstalled
(figs.4(c)and5(b)),theditchingcharacteristicswerebetterthan “
thoseobtainedwiththeoriginsl206-@on tanksinstalled.Thelength
oftherunwaslongerandthelongitudinaldecelerationwaslower.This
@rovementh behaviorisattributedtoa reductioninthesuction
forcesonthetamkswhichresultsfromthedecreaseincurvatureasso-
ciatedwiththeincreaseinfinenessratio.Itwasalsodeterminedin
reference1 thatanincreaseinfinenessratioreducedthesuctioneffect
ofa streamlinebody.Thebehaviorofthisconfiguration,however,was
notsogoodasthatofthebasicmodelwithouttanks.

~stsllationofchinestrips(fig:4(d))improvedconsiderablythe
ditcldngbehaviorofthemodelwiththe~0-gsXLontanks.Thestrips
brokethelateralflowofwaterupthesidesofthetanksandthereby
reducedthesuctionforces.Theadditionofthestripsincreasedthe
lengthoftherunbymorethan300percent,reducedthemaximumlongi-
tudinaldecelerationbyabout60percent,andreducedthenormalaccel-
erationbyabout33percent.Also,thei072git+ decelerationwas
lowerandthelengthofrunwaslongerthanthatobtainedfromthe
basicmodelwithouttamks.Someslightskippingandporpoisingwere
observed,buttheoverallbehaviorofthebasicmodelwasconsideredto .
havebeenimprovedbytheadditionofthe450-gsllontsnkswiththe
chinestrips.Skip@ngisdefinedasanundulat~motion~outthe

d
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transverseaxisinwhichthemodelclearsthewatercompletely.Por-
poisingisdefinedasanundulatingmotion*outthetransversesxisin
whichsomepartofthemodelis&Lwaysincontactwiththewater.

Whenthemodelwastestedwiththetaukshavinga 20°dead-rise
bottom(figs.4(e)and5(c)),themaximumlongitudinaldecelerationwas
furtherreducedandthelength.ofrunofthemodelincreasedslightly.
Themainimprovementwastheelmtion oftheskippx anda reduction
inamplitudeoftheporpoisingcyclewhencomparedwiththatofthetank
configurationwithchinestrips.

ModelWith260-GallonTanks

The260-gallontanks(figs.4(f),4(g),and4(h))hadlesseffect
onthebehaviorofthemodelthandidthe450-gsJ.lontanks.Thebehavior
ofthebasicmodelwithouttankswaspreferabletothatofthemodel
withtaaksofcircularcrosssectioninstalled.Animprovementinbehav-
iorwasnoticedwhenthe260-gaJ.lontanksweremodifiedbytheaddition
ofeitherchinestripsorthe20°dead-risebottomwithcMnes,aswas
thecasewiththelarg&r~tamlss.

General

AU tankshavbga circular-cross-sectionshapeproducedadverse
effects,andbet,terditchingsweremadewiththebasicmodelthanwith
anyofthesetanksregardlessofsizeorftienessratio.Itcanbe
concluded,therefore,thatthesetanksshouldbe jettisonedbeforea
ditchingisattempted.However,thetankshavingtheircross-sectional
shapemodifiedby eithercldnestripsordeadrisewithchinesaided
theditchingperformance.Itshouldbe emphasizedthattheresultsof
thisinvestigationareessentiallypreliminary.Ifits-d be desired .
toincorporatemy ofthemodificationsdiscussedinfull-scaleairplanes,
certainstructuralproblemsshouldbe consideredandthetanksshouldbe
hydrodynamicallysatisfactory.Generally,tankfittingsaredesigned
towithstanda normaldecelerationofatleastkganda longitudinal
decelerationof2g. Fromthemsximumvaluesofnormalacceleration
listedintableI itcanbe seenthatthetankswithcircularcross
sectionsmightbetornawayuponcontactwiththewater.Theattach-
mentsforthetanksmodifiedby chinestripsordeadrisecouldwith-
standtheaccelerationloadsina calmwaterlandingbutthetankswould
havetobedesignedtowithstandwaterloads.D&formationofthetank
skinwouldchangethebydrodynsmiccharacteristicsofthetanks,the
resultingbehaviordependingontheamountofdsmage.Ruptureofthe
tadsskinwouldveryprobablyproduceadverseeffectsonditchingbehav-
iorsuchasloss.ofbuoyancy,higherdeceleration,andpossiblya dan-
gerousdivingmotion.

----- — — —-— ..—
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CONCLUDINGREMARKS

Momthe resultsofamodelinvestigationoftheeffectsofexter-
nslwingfueltanksontheditchingbehaviorofa sweptback-wingair-
planeitwasconcludedthatthestreamlinetankswithcircularcross
sectionhavea d.etrhentsleffectontheditchingbehaviorwithrespect
tothebasicmodelbecauseofthesuctionforcesgeneratedonsuchshapes
whenplaningonthewater.Thesetsnksshould,therefore,be jettisoned
beforea titthingisattempted.Thetankshavingtheirshapemodified
bytheadditionofeitherchinestripsordeadrisewithchinesimproved
theditchingbehavior.Beforeanattemptismadeto.+ncorporatesuch
modificationsina full-scaleairplane,however,considerationmustalso
be giventoprovidinga structursJ.designthatwouldwithstandthewater
loads.

LamgleyAeronautics.Laboratory,
NationslAdvisoryCommitteeforAeronautics,

IangleyField,Va.,Aprfl2,1956.
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Three-viewdrawingoftheswept-wingairplane.All.dimensions
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Figure2.- Mel with km-gallon circulw?-cross-sectiontanksinstal.ld.
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(a) 4X-gallontank.Finenessratio,8.54.
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(b) 260-@ontank. Finenessratio,8.54.
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(c) 206-@on tank.Finenessratio,4.76.

Cirolllar OhiIlestrip

(d)Cross-sectionmodifications.

Figure3.-Tankconfigurationstested.Alllinear
ininches.Values‘arefulJ--scale.
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(a)Basicmodel.

Figurek.- Typicaltimehistoriesofattitude,normalacceleration,and
longitudinaldeceleration.Allvaluesaref’uJ&scale.
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(b)Modelwithoriginal206-@on tanks.

Figure4.-Continued.
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260-~on circrd.ar-cross-sectiontanks.

Figure4.-Continued.
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Figure5.-Sequence
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photograph of E&I. ditchings. Diatmces are
full-male.



Contact

230feet

,.

.-.. -. - . ------:+-?
..-.

I.1+0feet

340feet

M@+.76
(b) Model with km-gallon circular-cress-sectiontanka.

E
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